JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. Abstract. Porpidia is a saxicolous segregate of the large classical crustose genus Lecidea, distinguished from other segregate genera and families mainly by a tall hymenium, a particular excipulum structure, and large, nonseptate, halonate spores. In this, the first revisionary study of North American herbarium materials, both chemical and morphological data were found to be useful taxonomically. The thallus characters--thickness, color, texture, and presence of sorediacould be used in some cases; however, useful apothecial characters were more numerous: pruina on the disks, size, shape and pigmentation of excipular cells, hymenium height, relative hymenium and subhymenium heights, and spore size. Presence of certain f-orcinol depsidones and longsidechain orcinol depsides were also meaningful. Among the 21 species accepted, seven were new: P. calcarea, P. carlottiana, P. grisea, P. herteliana, P. lowiana, P. tahawasiana, and P. thomsonii. A lectotype was chosen for P. cinereoatra, and two new combinations were made: P. diversa and P. flavicunda. Four phenetic groups could be discerned among the North American species. They were given informal names: the albocaerulescens complex, with narrow excipular cells and heavily pruinose apothecial disks; the macrocarpa complex, with thin thallus, nonpruinose or very rarely pruinose disks, and blue subhypothecial pigment; the speirea complex, with carbonaceous exciple, small spores, generally a low hymenium, and a short hymenium-to-subhymenium ratio; and the superba complex, with tall hymenium and usually an HCl+ substrate. The genus occurs from arctic to temperate regions. Although most species follow well known distribution patterns, a few morphological types were found disjunctively in climatically different regions. This paper documents the phenotypic variation and geographic distributions of North American species of Porpidia. Among the growing number of taxonomic segregates of Lecidea, Porpidia is one of the most thoroughly studied: European species by Hertel (1967Hertel ( , 1975, Hertel and Knoph (1984), Knoph (1984) , and Schwab (1986); Asian species by Hertel (1977) and Inoue (1976, 1982, 1983a,b,c); and subantarctic species by Hertel (1984). Although 1 1 species have been reported from North America (Egan 1987), there has been no previous systematic study of all the North American species. This study therefore fills a conspicuous geographic gap in the knowledge of the genus in the northern hemisphere.
Thallus and apothecial morphologies were examined with a dissecting stereoscope. Microscopic characters were studied from handmade wet mounts and occasionally microtome sections (13-15 itm) with high-dry magnification. Hymenium and subhymenium heights were estimated to the nearest 5 Am, and spore lengths and widths, as well as excipular-cell diameters, to the nearest 1 Am. Thallus thickness and apothecium diameter were estimated to the nearest tenth of a millimeter.
Extracellular secondary products were detected by a standardized method of thin-layer chromatography (Gowan 1989). A saturated solution of iodine in 10% aqueous potassium iodide (IKI) was used to detect amyloid medullae and tholi. A 10% potassium hydroxide solution (K) was helpful in clearing apothecial sections and for detecting a substance in apothecial tissues that turned reddish with K (K+ reddish). Small amounts of K were occasionally applied to medullae to detect the presence of stictic or norstictic acid (K+ yellow or red). Effervescence with a 10% hydrochloric acid solution (HC1) was taken to indicate that the substrates of the lichens likely contained carbonates.
Colors of fungal tissues follow Kelly's (1965) color chart. I summarized the North American distributions of phenotypes according to bioclimatic and physiographic zones. For nomenclature and partitioning of North America into zones, I followed various authors: For the arctic zone, Porsild (1958) ; for the boreal zone, Ahti (1964), Ahti et al. (1968) , and Himet-Ahti (1981); and for the temperate zone, Braun (1950) and Kiichler (1964) . Gowan (1983) gives precise definitions of the biogeographic terminology used here.
SPECIES CONCEPT
Most lichen species, including those of Porpidia, are based solely on phenotypic characters because so little is known of the phylogenies, evolution, and extent of interbreeding populations (review: Kiirnefelt 1979). In the present study, species were recognized on the basis of differences discerned in a large number of herbarium specimens. A post hoc analysis of these species shows that groups of individuals that are treated as different species either 1) differ in two or more well defined characters that are unlikely to be related genetically or developmentally; or 2) are geographically disjunct and differ by either one well defined character or a few less well defined characters. These "well defined" characters are the major thallus or apothecial characters such as spore and hymenium sizes, excipular pigmentation, pruina, color, or chemistry. Differences in these features are usually accompanied by more subtle differences such as in epithecial pigmentation, frequency of a blue subhypothecial pigment, tendencies in apothecial size, or mean thallus thickness.
There is considerable debate over the validity of theoretical interpretations of species delimited by phenotype and geography (review of species concepts: Wiley 1981 ). I will not review the controversies but will state my interpretation in simple terms. Character correlation suggests nonrandom mixing of the characters, suggesting reproductive and phylogenetic discontinuity between phenotypes; and geographic disjunction accompanied by phenotypic difference suggests that the two disjunct groups of individuals have been separated long enough or over a large enough distance that they are now acting as different reproductive populations and evolutionary units.
The breadth of the species accepted by different authors varies. Kirnefelt (1979) , for example, adopts a broad species concept, and places some widely disjunct phenotypic variants within one species. On the other end of the scale, some species exist that we do not detect with our normal methods of investigation (review: Culberson 1986). My approach has been to recognize species when there is phenotypic evidence of evolutionary divergence between groups of individuals. These are the units that will be useful in phylogenetic studies of the genus.
Most species distinctions I have recognized are based on correlated differences in major characters, and are therefore in the first category of distinctions mentioned above. The second category, incorporating geography, is illustrated by Porpidia albocaerulescens, P. carlottiana, and P. glaucophaea (refer to descriptions and maps). Porpidia albocaerulescens may or may not produce soredia, but soredium production is apparently not correlated with other characters (including the abundance of apothecia), there is a range of soralia density from esorediate to densely sorediate, and the two morphotypes are partly sympatric. Because of sympatry and inter-TABLE 2. Means and their 95% confidence intervals of seven structural or morphological measurements of Porpidia and two parentheses are the numbers of observations. Spore lengths and widths are based on averages of 1-11 measurements taken from average spore length to average spore width; hymenium and subhymenium heights and excipular cell diameters are midpoints be taken on specimens; hymenium/subhymenium is the ratio of these hymenium and subhymenium heights; thallus thicknesses values. A prothallus may be present in most species. The prothallus may develop between patches of thallus (P. tuberculosa, P. grisea, and endolithic species such as P. thomsonii and P. tahawasiana). The prothallus is continuous in some of these species (P. tuberculosa and P. grisea: Fig. 2 ) whereas it consists of very thin irregular strands in other species (P. thomsonii and P. tahawasiana: Fig. 1 ). Species with continuous thalli normally form a narrow marginal prothallus, especially when the thallus abuts another lichen of the same or different species (Fig. 7) .
The thallus of all species is heteromerous with an upper cortex and a thin algal layer. The thickness of the white medulla varies with thallus thickness. The cortex may be orange, gray, or white. Species that grow on siliceous rocks normally have a smooth, slightly glossy upper surface; species that grow on carbonate-containing substrates normally have a white, chalky-to-scabrid surface (description of the chalky surface of calciferous species: Hertel 1967; illustration: Fig. 6 ). Soredia ( Fig. 2-3, 34 ).--Six North American species are sorediate. In P. glaucophaea, soralia are irregular in shape and size (Fig. 34) , and they form along cracks in the thallus. In all other species, soralia are round or roundish, slightly raised, usually discrete, and 0.2-1.0 mm in diameter (Fig. 2-3) .
Apothecia (Fig. 8 ). -The apothecia of Porpidia are hemiangiocarpic, arising from within the thallus and first visible as tiny black dots on the surface. Apothecia at this stage are enclosed by the apothecial margin except for a small apical opening, and are covered with pruina. The margins open to expose the disks, which are fully exposed at maturity. As the disks broaden, they can be distinguished as either pruinose or nonpruinose. The density ofpruina varies some within species, but subtle differences in pruina density can help distinguish some species. The difference between P. flavicunda and P. albocaerulescens provides an example. The former is more weakly pruinose than the latter (Fig. 15, 32) .
The apothecia of some species remain depressed in the thallus (with exposed disks and margins) until maturity. Those of other species soon become sessile. With some exceptions (e.g., P. carlottiana), depressed apothecia normally occur on thalli more than approximately 0.4 mm thick, and sessile apothecia occur on thin thalli. In some species that typically have a thin thallus (e.g., P. crustulata and P. macrocarpa), the thallus may become moderately thick (to 0.6 mm). On such thick thalli, the normally sessile apothecia may remain depressed until maturity.
Apothecial anatomy (Fig. 9-14 ). -The exciples of Porpidia are lecideine in the broad sense, lacking algae. They can be distinguished as either cellular or hyphal. The hyphal type exists only in the P. albocaerulescens complex (complexes are defined below). This type of exciple consists of radiating, branched hyphae originating from the hypothecium, with cross walls cutting off oblong to linear segments 2-4 ,m in diameter (Fig. 9-10) . The cellular type of exciple, which occurs in all species outside the P. albocaerulescens complex, is composed of radiating rows of subglobose to oblong cells, 3-9 ,m in diameter (Fig. 11-13) .
Pigmentation in the excipular cell walls is a useful character to distinguish some species. The outer margin of the exciple is very heavily pigmented in all species, from greenish to brownish black. Occasionally a thin, hyaline, possibly gelatinous layer can be discerned outside this dark layer. It occurs sporadically in several species: It is illustrated in Figure 10 in P. flavicunda, and Inoue (1982) illustrates it in P. speirea.
The inner part of the exciple varies from unpigmented to almost black, depending on the species. In the P. albocaerulescens complex the inner exciple is moderately brown to unpigmented (unpigmented in P. albocaerulescens: Fig. 9 ; moderately pigmented in P. flavicunda: Fig. 10 ). The unpigmented exciples appear grayish and opaque in section.
In most members of the P. macrocarpa complex, the exciple is brown within, and varies among species from pale brown (P. macrocarpa: Fig. 12 ; P. crustulata: Fig. 13 ) to dark brown (P. thomsonii: Fig.  11) .
A third pigmentation pattern characterizes the P. speirea complex and some members of the P. macrocarpa complex (Fig. 14) . The exciple in these species is so dark as to appear black in all but the thinnest sections (thinner than about 10-15 ,um). In such thin sections, the cell lumina are exposed and the pigment can be seen encrusting the cell walls between the lumina. This pigmentation pattern has been called carbonaceous (Lowe 1939) or kohlig by German authors (e.g., Hertel 1984).
In immature apothecia of the species with carbonaceous exciples, a hyaline layer can often be discerned within the outer dark layer. In most species the outer carbonaceous layer is the thicker (30-75 ,4m) and the inner hyaline layer thinner (10-20 ,m). In P. speirea this situation is reversed, so that the outer layer is thinner (10-25 Ium) and the inner layer thicker (20-40 jim). The inner layer is reduced and usually imperceptible in mature apothecia of all these species except P. speirea. In P. speirea this inner layer is still perceptible in mature apothecia.
The exciple of all species may be reduced in mature apothecia to a narrow, dark margin (20-40 jm). These reduced margins are especially common on convex apothecia, and the three pigmentation pat- terns cannot be distinguished because of the reduction.
The hymenium can be distinguished from a hyaline subhymenium (Hertel 1967). Below the subhymenium is a dark-brown hypothecium. Paraphyses (illustrations: Hafellner 1984; Inoue 1983a,b,c) are conglutinate and interconnected by short hyphal segments perpendicular or oblique to the paraphyses (anastomosed). The upper 10-20 Am of the paraphyses are often furcate or bifurcate. The extent of anastomosing and apical branching appears to vary slightly among species, being least in the P. albocaerulescens complex.
The paraphyses tips contain pigments varying from orange-brown through olive to green.
Asci are unitunicate and clavate, with a large tholus (illustration: Hafellner 1984). The major part of the tholus is weakly amyloid, and this region contains a strongly amyloid cylindrical region within it. The cylindrical region varies from about half the length of the tholus to completely filling it, and this inner region may be uncapped or capped (illustration of the tholus of Stephanocyclos, which contains a capped cylinder: Hafellner 1984). I did not make a systematic study of tholus variability, but can confirm Hertel and Ramboldt's (1985) finding that the size of the cylinder in the tholus varies within species.
Spores are irregularly arranged and biseriate in the asci. They are ellipsoid (to tear-drop-shaped in P. macrocarpa), hyaline, and 1.8-2.8 times longer than broad. They retain a segment of the epispore through maturity, visible as a hyaline halo 2-7 Am thick.
Chemistry. -The secondary-product chemistry has been treated by Gowan (1989 All North American species of Porpidia sometimes produce a K+ reddish substance in the exciple and hypothecium. This substance has been used as a character to distinguish species in the past (e.g., in P. phylliscina: Lowe 1939), but it appears to be taxonomically insignificant since it occurs in all morphotypes and is not correlated with other characters.
An important character distinguishing P. grisea, P. tuberculosa, and P. speirea from other species of the genus is the amyloid medulla. All other species of the genus have algal layers that are amyloid, but the medullae are not amyloid.
Ecology. -All species of Porpidia are primarily saxicolous. Each species occurs almost always on either HCl + or HC1-substrates. A single specimen of P. macrocarpa and one likely P. cinereoatra have been observed from lignum (likely Picea). Habitats vary from shaded (P. albocaerulescens) to unshaded (most species). All species thrive in humid climates, and a few species (e.g., P. carlottiana, P. contraponenda, and P. glaucophaea) are restricted to oceanic regions.
Distribution.--Porpidia is common in the arctic and the temperate zones, relatively rarer in the boreal zone, but common in the oroboreal and alpine zones in temperate regions. Porpidia pseudomelinodes (Fig. 54) is the only species of Porpidia most concentrated in the alpine ofwestern North America, with one specimen known from the Arctic and a few from the eastern hemiboreal zone. This is a peculiar distribution for lichens. The taxonomy of P. pseudomelinodes requires more work in North America, and I suspect that the eastern individuals are distinct from the arctic and alpine ones. This species also occurs in the Alps, in habitats similar to those where it occurs in the Rocky Mountains (Schwab 1986).
Porpidia thomsonii (Fig. 64) is common in both the arctic and alpine zones with phenotypically similar individuals on the West Coast. Like the P. pseudomelinodes morphotype, P. thomsonii may contain different physiological types.
Porpidia grisea (Fig. 50) is about equally abundant in the arctic and northern boreal zones. I have seen very few specimens of this species and have included specimens with both IKI + and IKI-medullae. Its taxonomy and distribution may also be clarified with more collections.
Porpidia speirea (Fig. 61) occurs both in the arctic and the eastern hemiboreal zones. Like P. grisea, this species is poorly collected and poorly understood. The disjunct distribution may suggest that there is more than one species included.
Three species are boreal and oceanic. Two of these, P. contraponenda and P. carlottiana (Fig. 27, 29) , are on the West Coast. Porpidia glaucophaea (Fig.  49) , closely related to P. carlottiana, is eastern. A boreal oceanic distribution has been described for lichens, and examples from several genera are listed by Gowan (1983). Conspecific individuals or close relatives of these boreal oceanic species occur in Europe.
Five species, P. cinereoatra, P. diversa, P. Three species have been collected mainly in the temperate zone. Porpidia albocaerulescens (Fig. 23-25 ) is restricted to the East. It has been collected throughout most of the forested eastern temperate zone (excluding the forested parts of the southeastern coastal plain), and has been most abundantly collected in the Appalachian-Great Lakes Region. Porpidia crustulata (Fig. 30) and P. macrocarpa (Fig.  53) are likewise distributed through most of the forested eastern temperate zone but are also known from farther west. All three of these temperate species follow the pattern of many other widespread temperate species in occurring also in Europe and Asia.
INFRAGENERIC RELATIONSHIPS
The 21 North American species of Porpidia consist of 14 previously described species and seven new ones. In including all these in one genus, I have accepted a broad range of phenotypes compared to the range in other genera of the Porpidiaceae. Some species are similar to Lecidea s. str., having small spores, a hyaline layer in the inner exciple, short hymenium, tall subhymenium and IKI+ medulla (especially P. speirea, P. grisea, and P. tuberculosa).
Other species, for example P. superba, are similar to some species of Amygdalaria, with a tall hymenium, large spores, and a bullate-areolate thallus (description of Amygdalaria, and discussion of the relationship between Amygdalaria and Porpidia: Brodo & Hertel 1987). Similarities can be noted between Porpidia and other genera of the Porpidiaceae. Several genera share a carbonaceous exciple with some members of Porpidia. The apothecia of P. tahawasiana are strikingly similar to those of Stephanocyclos hensennianus. As mentioned previously, the generic limits within the Porpidiaceae are unsettled. Porpidia appears to be a residual genus lacking the specialized characters of other genera.
Four phenetic subgroups can be recognized among North American species (Tables 2-3): 1) The P. albocaerulescens complex, with narrow excipular cells and heavily pruinose apothecial disks; 2) the P. macrocarpa complex, with thin thallus, nonpruinose or very rarely pruinose disks, and a blue subhypothecial pigment (absent in some individuals of every species); 3) the P. speirea complex with carbonaceous exciple, small spores, generally a short hymenium, and a short hymenium-to-subhymenium ratio; and 4) the P. superba complex, with tall hymenium and usually an HCI+ substrate.
The characters of Porpidia and the Porpidiaceae have been analyzed phylogenetically (Gowan, in prep.). The analyses suggest that, of the four phenetic complexes of Porpidia, only the albocaerulescens complex is monophyletic, whereas the others are paraphyletic. The albocaerulescens and superba complexes contain the most derived species in the genus. The speirea complex is the least derived and the macrocarpa complex is intermediate. These detailed analyses will be published separately.
About 30 unidentifiable specimens remained after the study. Most of these specimens had an IKImedulla, HCl-substrate and confluentic acid, and they belong either to the P. macrocarpa complex or the P. speirea complex. More collections will be needed to understand these species. Table 2 for North American members). Apothecia present or absent (normally absent only in sorediate species), scattered or clustered, sometimes arranged in concentric rings, hemiangiocarpous, emerging from small pruinose dots on the thallus, becoming sessile in some species; disks black to dark brown, pruinose or bare; margin bare or sometimes with white or orange pruina extending upward from the thallus, even to crenulate or radially grooved, regular, flexuose or invaginated. Hymenium 60-130 Am high, hyaline to translucent green or olivaceous in the upper part or rarely below; paraphyses completely conglutinate to rarely basally free, anastomosed, often branched in the upper 15-20 jim; epithecium clear orange-brown to olivaceous to aeruginose, littered with granular material on pruinose apothecia, clear on others; subhymenium (10-)15-50(-60) Am high, hyaline. Exciple either completely black and carbonaceous (usually with a thin hyaline region to the inside when immature) or black only at the margin and paler to hyaline within, perceptibly radiating from the hypothecial region and consisting of conglutinate hyphae or of conglutinate rows of more or less ellipsoidal cells, often producing a K+ reddish substance; hypothecium dark brown to more or less black.
Mini-
Secondary products. -Long-sidechain depsides or 0-orcinol depsidones, or both, sometimes present; unidentified triterpenes and unidentified pigment SV-1 sporadic in most species.
Habitat. -Most species on hard siliceous rocks such as granites, diorites, and metamorphosed derivatives, less common on sandstone; some species on carbonate-containing (HCI+) rocks. Thallus usually light greenish gray to whitish, sometimes dark greenish gray to olive gray, rarely with orange patches, continuous, usually very finely cracked to subrimose when dry, less commonly coarsely rimose (particularly in exposed habitats), nonrimose when wet, 0.2-0.30-1.0(-1.5) mm thick (some quite thin thalli, ca. 0.2 mm thick, seen from the southern Appalachian Mountains), even to infrequently verruculose or rugulose; margin distinct, usually thinner than the thallus center; prothallus black, often weak or absent but usually present in thalli growing over or abutting others; medulla IKI-; soredia rare, only in exposed habitats in the Appalachian-Great Lakes Region; soralia round, 0.7-1.0 mm in diameter.
North American distribution (north of Mexico
Apothecia usually abundant, especially toward thallus center, usually evenly scattered, infrequently contiguous or clustered, sunken in thallus when young, broadly sessile or remaining sunken when mature, 0.8-1.5-2.0 mm diameter when mature; Porpidia albocaerulescens is very common and distinctive and it can be identified at sight in the field. Its smooth, light, rather thick thallus, pruinose disks and sunken or partially sunken apothecia distinguish it from other eastern temperate crustose lichens. The related eastern boreal oceanic species is P. glaucophaea. Porpidia cinereoatra may appear similar macroscopically. Though these two species overlap in distribution, P. cinereoatra is more northern or montane in distribution; its thallus is darker gray and usually more distinctly rimose. The presence of stictic acid, noncarbonaceous exciple and large spores easily distinguish P. albocaerulescens. Habitat. --HCl+ rocks in forests, in bogs, and on lakeshores.
World distribution (Fig. 26 ).--Shores of Lake Superior (northeastern temperate to hemiboreal zone).
This species is closely related to P. superba and P. zeoroides, but differs in thallus characteristics, apothecium color, possibly mean spore size (see Table 2 and descriptions), and distribution. The relatively smaller spores than those of P. superba and P. zeoroides suggest a relationship with the P. macrocarpa and P. albocaerulescens complexes. The thallus characters and apothecium color are actually intermediate between those of P. superba and P. zeoroides, suggesting that P. calcarea either was ancestral to P. superba and P. zeoroides, or arose by hybridization between them. Porpidia calcarea is restricted to the shores of Lake Superior, and P. superba and P. zeoroides are western arctic. Porpidia calcarea could have been separated from the arctic populations before speciation was complete between P. superba and P. zeoroides. In the introductory section on Distribution, I suggest that the Pleis- Named for Charlotte Gowan and collected most frequently in the Queen Charlotte Islands.
Thallus usually light greenish gray to whitish, sometimes darker, to dark gray or olive gray, continuous, sometimes finely cracked to subrimose when dry, completely continuous when wet, 0.2-0.26-1.5 mm thick, even to weakly verruculose or rugulose; margin distinct, thinner than thallus center; prothallus black, usually present when abutting another lichen; medulla IKI-; soredia absent. Apothecia abundant, scattered or often clustered, sunken in thallus when young, remaining more or less sunken or often becoming sessile on a broad base when mature, 0.5-1.4-2.5 mm diameter when mature; disk dark brown to black, normally with heavy whitish pruina (but pruina often absent when growing on rocks that become wet); margin bare, moderately thin to very thick, even to crenulate, regular to flexuose, sometimes radially cracked, especially on old apothecia. Hymenium 90-99-120 Am high; paraphyses conglutinate and indistinct above, sometimes a few free below, moderately anastomosed below, moderately branched above; epithecium yellowish brown to grayish olive green, littered with granular material; subhymenium 20-33-45 Am high. Exciple of conglutinate hyphae, radiating from hypothecial region, dark brown to black at exciple margin, opaque gray to weakly brownpigmented within; excipular hyphae narrow, 2-2.8-4 im. Spores 16-18-19 x 8-8.1-9 im. Secondary products.-2'-O-Methylsuperphyllinic acid (major constituent), glaucophaeic acid; SV-1 and unidentified triterpenes sometimes present; superconfluentic acid and insignin rarely visible by TLC, only on copiously spotted plates.
Habitat. --HCl-rocks, usually exposed, almost always along waterways in mountains or on seashore rocks.
World distribution (Fig. 27) Habitat. --HCl-rocks, usually exposed and unshaded. North American distribution (Fig. 28 ). -Eastern hemiboreal to southern boreal, especially common in oceanic areas; also in oroboreal zone of the southern Appalachian Mountains.
World distribution. -Europe (Knoph 1984) and eastern North America.
Acharius' original treatment describes Lecidea cinereoatra as rimose-verrucose-areolate and graygreenish with the apothecia appressed, plane but becoming convex, irregularly confluent, immarginate and black. Of the two specimens identified by Acharius as L. cinereoatra, the smaller (Herb. Ach. 369) was collected by Harriman in England. The annotation "Lecidea cinereo-atra" was crossed out, apparently by Acharius, and the specimen reidentified as Lecidea armeniaca. This specimen may belong to P. cinereoatra but is not typical (I did not study apothecial sections). It has an extremely thick, areolate thallus with sunken, nonpruinose apothecia that appear to lack an exciple. The lectotype of the species (Herb. Ach. 100) was collected by Mosig (52) in "Lusatia." It has a moderately thick, areolate thallus with depressed, lightly pruinose apothecia. It contains confluentic acid, 2'-O-methylmicrophyllinic acid, 2'-O-methylperlatolic acid, and unidentified substances normally found with confluentic acid (TLC) (Gowan 1989). In cross section, it has the features of normal P. cinereoatra (olivebrown epithecium, distinctly anastomosed paraphyses, hymenium 80 Am high, subhymenium 15-20 Am, exciple completely black and of indistinct structure). In the one apothecium that I sectioned, I found no spores.
Porpidia cinereoatra has a thick thallus, broadly sessile or immersed apothecia with relatively thick and smooth margins, and usually lightly to moderately pruinose disks. It can be distinguished from other North American species by these characters in combination with a carbonaceous exciple, a high hymenium, and small spores. It is most similar to P. lowiana.
North American P. cinereoatra often has odd cephalodia-like structures with a heteromerous anatomy and a green alga (Fig. 19) . I have seen similar galls on European specimens of P. flavicunda. The biological significance of them is unclear, though they may be an infection.
This species is very similar in appearance and identical in secondary-product chemistry to the European and Asian P. musiva. Porpidia cinereoatra is distinct in having pruinose apothecia and smaller spores (description of P. musiva: Knoph 1984) .
The European material placed under P. cinereoatra may be heterogeneous. I have not studied this material anatomically (but see Knoph 1984 
Synonymy and treatment.--Hertel and Knoph (1984).
This species conforms to the description of P. diversa, except that apothecia are commonly over 1.0 mm in diameter, reach 1.8 mm in diameter and are on average 1.4 mm in diameter (Table 2) , the epithecium and outer exciple are more commonly olive green to olive gray than bluish (and sometimes nonolivaceous brown), and the aeruginose subhypothecial pigment is usually absent. The thallus is more commonly rimose-areolate than in the eastern North American P. diversa.
Habitat. --HCl-rocks, usually exposed. North American distribution (Fig. 29) Habitat.--HCl-or very rarely (less than 5 percent of the specimens) HCl+ rocks, commonly on pebbles, usually exposed.
North American distribution (Fig.  30 ).--Eastern temperate to southern boreal, rarer in the western mountains and West Coast.
World distribution. -Unclear: This species has been reported from around the world, from temperate to alpine or arctic climates (Hertel 1977). It has been misidentified in herbaria, and a closer study of specimens will likely show it to be more restricted, possibly circumtemperate, perhaps also in the southern hemisphere (Hertel 1977 (Hertel , 1984 Vainio (1934) was among the first to draw attention to the size distinction between P. macrocarpa and P. crustulata (cited by Hertel 1967). Porpidia crustulata is the most diminutive North American member of the genus (spore dimensions, hymenium heights, and apothecium diameters: Table 2 ). It is similar to P. macrocarpa but has narrower hymenia and subhymenia, smaller apothecia, and smaller spores, but it has larger, less densely pigmented cells in the exciple (compare Fig. 12, 13 ). In addition, the epithecial pigments differ slightly, with P. macrocarpa being more commonly olive brown and P. crustulata more commonly yellowish brown. The two grow in similar habitats, and though there is overlap in most characters, it is always possible, knowing a range of characters, to refer specimens to either P. crustulata or P. macrocarpa.
Different authors define the boundary between P. crustulata and P. macrocarpa at different (though usually similar) spore sizes, hymenium heights, and apothecium sizes (Brodo 1981; Hertel 1977; Inoue 1983b). Some authors have questioned the validity of the separation of these two species (Anderson 1964; Harris 1977). The confusion is largely due to several previously unsuspected species that belong to the group and have apothecial and spore dimensions that cloud the distinction between P. crustulata and P. macrocarpa (see notes with P. macrocarpa). I have placed specimens from the Arctic and from alpine to subalpine localities in western North America in another species, P. thomsonii. This distinction is based on distribution, different excipular anatomy, and intermediate spore sizes between P. crustulata and P. macrocarpa.
Porpidia crustulata can form moderately thick thalli, and in such individuals the apothecia may be sunken in the thallus, similar to the condition in the normally thicker species of the genus. These specimens may be distinguished from other species by chemical characters, by the verruculose rather than smooth thallus, and nonpruinose apothecia.
The exciple and hypothecium commonly produce the K+ grayish-red substance reported in Japanese specimens by Inoue (1983a) . Not uncommonly there is an aeruginose pigment in the medulla surrounding the hypothecium, similar to that normally found in P. diversa. Excipular and chemical characters are the most reliable for distinguishing P. crustulata from P. diversa. Gowan 2243, 2411, 2893, 3617, 2412, 3313,  4157, 3677, 3116, 2902, 4162, 2241, 3118, 2143, 3681 
REPRESENTATIVES

Treatment. -Lowe (1939).
Thallus usually light greenish gray to whitish, less commonly light gray, continuous to often partly dispersed, consisting of irregularly shaped, domed areolae or verrucae, 0.1-0.3-0.5 mm thick, verruculose or rugulose to less commonly smooth; margin distinct or not distinct, usually thinner than thallus center; prothallus thin, absent or present between areolae; medulla IKI-; soredia absent; aeruginose pigment usually present in medulla near apothecial base.
Apothecia usually abundant, scattered or clustered, soon becoming sessile, (0.5-)0.8-0.9-1.0(-1.5) mm diameter when mature; disk black or rarely dark brown, nonpruinose or very rarely (2 specimens) with lightly but distinctly pruinose apothecia; pruina may be orange on young apothecia; margin bare, moderately thick to thin, usually thinning in old or convex apothecia, even to weakly crenulate, Habitat. -HC1-rocks, usually exposed, less commonly in forested areas.
World distribution (Fig. 31 ).-Appalachian-Great Lakes Region, north to the southern boreal zone, only in North America.
Described by Lowe (1939) from the Adirondack Mountains, this species has been identified as P. macrocarpa in most herbaria. Porpidia diversa is like P. macrocarpa except that 1) it has different chemical characteristics, 2) it usually has smaller apothecia, 3) its thallus is usually slightly thicker, and 4) the medulla around the hypothecium is normally olivaceous to bluish black, the outer exciple usually dark bluish, and the epithecium olivaceous black to greenish black. The exciple is as in P. macrocarpa in structure, but is more heavily pigmented.
The specimens identified as Lecidea diversa by Lowe (MICH) are a uniform set. The aeruginose pigment is always present below some apothecia on each thallus. This pigment appears to diminish in older apothecia, and may sometimes be nondiscernible.
The thallus usually varies considerably with habitat. When growing in forested habitats, it is usually thick and smooth, and the apothecia are often sunken. In exposed habitats, the thallus is more often subrimose.
Porpidia diversa is most similar to the western North American and European P. contraponenda. A comparison between the two species is given with notes on P. contraponenda. Habitat.--HCl-rocks, exposed, usually in tundra. North American distribution (Fig. 40-43 The thallus occasionally has gray or white patches or margins. The largest patches occur on specimens collected from the underhangs of stones, where the thallus can be mostly without pigment. The apothecia usually become sessile while very small. In addition to the primary apothecia forming near the thallus margin, there is a tendency for young apothecia to develop in clusters on senescent apothecia near the thallus center.
REPRESENTATIVES
Only the confluentic acid chemotype of P. flavicunda is reported from Europe (Knoph 1984 The use of the name P. flavocoerulescens to refer to esorediate material is complicated by its sorediate lectotype. It appears that Hornemann included both sorediate and esorediate material under this name. Degelius (1938) reports the lectotype to be sorediate, however, and I therefore agree with Inoue (1983b) in using the name to refer to sorediate material, previously placed under "P. melinodes," and using P. flavicunda to refer to the esorediate specimens.
Except for the presence of soredia, this species has thallus characters identical to those of P. flavicunda. The chemical characteristics are also similar. When growing together, P. flavocoerulescens and P. flavicunda are distinctly different, either densely sorediate but nonapotheciate, or esorediate but apotheciate. Though P. flavocoerulescens can occasionally form apothecia in Europe, soredia production does not intergrade between the two species.
The confluentic-plus-stictic chemotype agrees with the main chemotype in both morphology and distribution. The related specimens containing stictic acid but lacking confluentic acid form a distinct This species conforms to the description of P. carlottiana except in having irregularly shaped soralia sometimes forming along cracks in the thallus; soredia are moderately coarse, and apothecia are rare and deformed in North American material.
Habitat.--HCl-rocks; habitats unclear from herbarium data.
North American distribution (Fig. 49) Grafschaft Glatz (Flotow), wie an Gabbro auf dem Gipfel des Zobtens in Schleisien (Koerber)." I searched for these specimens (L), but could not find them.
Like the rest of the P. albocaerulescens complex, this species has a thick, smooth thallus and apothecia with pruinose disks and narrow, lightly pigmented excipular hyphae. The apothecial pigmentation is slightly darker than that of P. albocaerulescens. From the few specimens available, P. glaucophaea appears to have a stronger tendency for apothecia to become sessile rather than remaining sunken. Knoph (1984) treats the sorediate and esorediate European specimens of P. glaucophaea as conspecific. This is justified because the two morphotypes are sympatric, soredia are formed very irregularly along cracks in the thallus, the extent of soredia formation varies widely, and apothecium density does not vary noticeably with soredia production. I have not seen soredia yet on the western North American specimens of this group, and I have consequently treated them as a separate species, P. carlottiana. Thomson (1979) Named for its lead-gray color.
Thallus medium gray to light greenish gray, consisting of scattered patches, each consisting of continuous, subrimose to distinctly rimose-areolate thallus, 0.1-0.20-0.3 mm thick, even to weakly verruculose or rugulose; margin distinct, thinner than thallus center; prothallus continuous between thallus patches, black, thin; medulla IKI+ blackish (or possibly sometimes IKI-; see below); soredia absent.
Apothecia scattered, soon becoming sessile, to 0.8-1.1-1.5 mm diameter when mature; disk moderately pruinose; pruina whitish; margin bare, even and regular. Hymenium 60-70-90 Am; paraphyses conglutinate and indistinct, strongly anastomosed and apically branched; epithecium greenish black, littered with granular material; subhymenium 15-27-45 Am; exciple ca. 50 Am wide, very dark even in thin sections (carbonaceous). Spores 12-13-15 x 6-6.2-8 tm.
Secondary products. -Confluentic acid (main constituent), 2'-O-methylmicrophyllinic acid, 2'-O-methylperlatolic acid, olivetonide monomethyl ether, unidentified substances sometimes visible on heavily spotted TLC plates (one specimen that seems to belong to this species, Thomson 17807, wIsc, lacked substances).
Habitat. --HCIl+ or HCI-rocks, exposed. World distribution (Fig. 50 ).-Arctic-alpine to northern boreal, rare, only in North America.
Porpidia grisea appears to be the esorediate counterpart of P. tuberculosa. These two species match in thallus, apothecia, and ecology. A minority of the known North American populations of P. tuberculosa are arctic, whereas all of the few collections ofP. grisea are arctic to alpine. These few collections may or may not reflect the total distribution. Species of Porpidia that grow on HCl+ substrate are poorly collected in North America, and this may reflect patterns of collection rather than the real distribution.
Both P. grisea and P. tuberculosa are relatives of P. speirea, having a narrow, heavily pigmented exciple, low hymenium, small spores, moderately pruinose apothecia, an IKI+ medulla and confluentic acid. In my herbarium studies, I have included several specimens with IKI-medulla in P. grisea because they are not known to differ in any other characters. The whole P. speirea complex is poorly collected and with more work the relationships between the IKI+ and the IKI-specimens may become clearer. Thallus yellowish gray to white, continuous, finely cracked to rimose-areolate, 0.2-0.3-1.0 mm thick, even to verruculose or rugulose; margin distinct, thinner than thallus center; prothallus weak or absent; medulla IKI-; soredia absent. Apothecia abundant, scattered to contiguous or clustered, soon becoming broadly sessile, 0.8-1.1-1.7 mm diameter when mature; disk black, nonpruinose to moderately pruinose; margin bare, thin, even to weakly crenulate or sometimes partially radially grooved, regular to often flexuose or invagi- Thallus usually light greenish gray to whitish, uncommonly darker gray, frequently patchily "oxidized" orange, rarely almost completely orange (but see below), epilithic to less commonly endolithic (especially on granite), continuous to patchy but not dispersed-areolate, generally thin, 0.1-0.23-0.6 mm thick, smooth to verruculose or rugulose, often more or less rimose on thickest thalli; margin often indistinct on endolithic thalli, distinct on epilithic thalli, thinner than thallus center; medulla IKI-; soredia absent.
Apothecia usually abundant, scattered or clustered in small groups, clusters of young ones often forming on large senescent apothecia, sometimes arranged in concentric rings, sessile or sunken in thick thalli (especially when young), 0.4-1.6-3.5 mm diameter; disk black to brownish black, bare or rarely very weakly pruinose, plane to commonly convex, frequently umbonate or with sterile tissue within the hymenium; margin thin to moderately thick, thinning on old or convex apothecia, even to weakly crenulate, regular to flexuose, sometimes very slightly pruinose in young apothecia; larger apothecia often appearing to divide by formation of secondary margins within disk. Hymenium (70-)80-91-120 km high, hyaline to translucent greenish or olivaceous, especially in upper parts; paraphyses conglutinate, strongly anastomosed and apically branched; epithecium usually olive brown, more rarely pure brown, yellowish brown or olive green (this latter most common in unshaded habitats); subhymenium (12-)20-27-40(-50) tm high; hypothecium dark brown to blackish; blue pigment rarely present in medulla below or surrounding apothecial base; exciple of conglutinate, branched rows of roundish to elongate cells radiating from hypothecial region, Habitat.--HCl-rocks, very rare on hard lignum, exposed or protected.
North American distribution (Fig. 53) There is more confusion about P. macrocarpa than there is about any other North American species of Porpidia. The name P. macrocarpa has been applied to several species including P. contraponenda, P. crustulata, P. diversa, P. herteliana, P. thomsonii, and P. tahawasiana. Notes are provided in the discussions of these species that elucidate the differences between these and P. macrocarpa.
Porpidia macrocarpa is often endolithic when growing on granite. On substrates with finer crystal structure it usually has a perceptible epilithic thallus. Inoue notes that it also rarely grows on trees in Japan. I have not seen it on bark but have seen one specimen from lignum.
There are several North American specimens with an almost completely oxidized orange thallus, similar to P. flavicunda and P. flavocoerulescens. I accept these as P. macrocarpa based on their anatomy, morphology, and chemistry. The overriding orange color might well be habitat induced, since lichens of other genera (e.g., Aspicilia) on these rocks also seem to be more orange than normal. Also, specimens ofP. macrocarpa can be found that grade from orange to gray.
Specimens with small apothecia may be superficially difficult to distinguish from P. crustulata. Observation of all these specimens suggests that most of those with small apothecia but high hymenium and large spores belong to P. macrocarpa. This is based on the correlation of small excipular cells with high hymenium and large spores, and also on the occasional observation of a large apothecium on a thallus that has apothecia mostly under 1 mm. 
